Arenibacter catalasegens sp. nov., isolated from marine surface sediment, and emended description of the genus Arenibacter An-Zhang Li, Long-Zhen Lin, Ming-Xia Zhang, Yingying Lv and Hong-Hui Zhu* Abstract A Gram-staining-negative, aerobic, non-motile, rod-shaped bacterium, designated as P308H10
The genus Arenibacter, which belongs to the family Flavobacteriaceae, phylum Bacteroidetes, was first described by Ivanova et al. [1] and later amended by Nedashkovskaya et al. [2] . This genus currently comprises eight species with validly published names and one species whose name has not yet been validly published. These species were isolated from marine sediments (Arenibacter troitsensis [3] , Arenibacter nanhaiticus [4] , Arenibacter antarcticus [5] and the type species Arenibacter latericius [1] ), seaweeds (Arenibacter palladensis [2] , Arenibacter certesii [6] and 'Arenibacter algicola' TG409 [7] ), a sea urchin (Arenibacter echinorum [8] ) and a tidal flat (Arenibacter hampyeongensis [9] ). In the present study, we performed the taxonomic characterization of a novel species of the genus Arenibacter by using a polyphasic taxonomic approach. During China's 29th Antarctic scientific expedition (January 2013), a marine surface sediment was collected from the Southern Indian Ocean, near Cape Darnley, Antarctica (longitude 68.00 E, latitude 67.25 S, depth 164 m).
Two grams sediment was resuspended in 20 ml sterile seawater. The suspension was serially diluted and plated on marine agar 2216 (MA; BD Difco). After incubating for 7 days at 25 C, bacterial strains were isolated and purified by repeated streaking. A novel bacterial strain, designated as P308H10 T , was obtained during this procedure. Routinely, the strain was grown on MA or in marine broth 2216 (MB; BD Difco) at 25 C for 4-7 days, and preserved as glycerol suspensions (20 %, v/v) T (purchased from JCM), were used for further taxonomic studies under the same experimental conditions as strain P308H10
T .
The genomic DNA of strain P308H10 T was extracted according to the method of Wilson [10] . The 16S rRNA gene was PCR-amplified by using the universal primers (27F and 1492R), and cloned into the PCR 2.1 vector.
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The 16S rRNA gene sequence was determined using the Sanger dideoxynucleotide method (Shanghai Majorbio Bio-Pharm Technology) and then compared against the available sequences in EzBioCloud (www.ezbiocloud.net) and GenBank (www.ncbi.nlm.nih.gov). Neighbour-joining (NJ) [11] , maximum-likelihood (ML) [12] , minimum-evolution (ME) [13] and maximum-parsimony (MP) [14] trees were reconstructed with MEGA 7.0.28. The topology of the phylogenetic trees was evaluated by bootstrap analysis with 1000 replicates. [15] . The digital DDH values were 30.2, 24.6, 23.9, 23.6 and 24.1 %, which were far beyond the standard criterion (70 %) for delineation of prokaryotic species [16, 17] . According to the draft genome sequence, the genomic DNA G+C content of strain P308H10
T was 38.2 mol%, which is close to those of type species of the genus Arenibacter (Table 1 ). These results indicated that strain P308H10
T represents a novel species of the genus Arenibacter.
The morphological and physiological characteristics of strain P308H10
T were investigated with cells cultivated on
Arenibacter palladensis LMG 21972 T (AJ575643)
Arenibacter troitsensis KMM 3674
Arenibacter echinorum KMM 6032 T (EF536748)
Arenibacter hampyeongensis HP12 T (JF751052)
Arenibacter catalasegens P308H10 T (MG183691)
Arenibacter antarcticus R18H21 T (KY810503)
Arenibacter certesii KMM 3941 T (AY271622)
Arenibacter latericius KMM 426 T (AF052742)
Arenibacter nanhaiticus NH36A T (EU999955)
Maribacter sedimenticola KMM 3903 T (AY271623)
Kriegella aquimaris KMM 3665 T (AB084262)
Cellulophaga lytica DSM 7489 T (CP002534)
Sediminicola luteus CNI-3 T (AB206957)
Flavobacterium aquatile LMG 4008 T (JRHH01000003)
Schleiferia thermophila TU-20 T (HQ172900) T . All data were obtained from this study, unless indicated otherwise. All strains are Gram-staining-negative, aerobic, and positive or weakly positive for oxidase, hydrolysis of aesculin, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase, naphthol-AS-BI-phosphoamidase, N-acetyl-b-glucosaminidase and a-mannosidase, and utilization of dextrin, maltose, trehalose, cellobiose, gentiobiose, sucrose, turanose, stachyose, raffinose, lactose, melibiose, methyl Lipase (C14) MA at 25 C for 5 days. Cellular morphology was observed by transmission electron microscope (H7650; Hitachi). Gram staining was performed by using a Gram stain kit (HKM). Anaerobic growth was assessed on MA in an anaerobic pouch (MGC; Mitsubishi). Gliding motility was examined as described by Bowman [18] . Production of flexirubin-type pigments was investigated with 20 % (w/v) KOH [19] . Growth at different temperatures (4, 10, 15, 20, 25, 30, 36, 42 and 45 C) and different pH (pH 5.0, 5.5, buffered with 100 mM sodium citrate; pH 6.0, 6.5, 7.0, 7.5, 8.0, buffered with 100 mM Na 2 HPO 4 /NaH 2 PO 4 ; pH 8.5, 9.0, 9.5, 10.0, buffered with 100 mM Na 2 CO 3 /NaHCO 3 ; pH 10.5, buffered with 100 mM Na 2 HPO 4 /NaOH) was observed in 216L medium [5] . The pH values were verified after autoclaving. Growth with different NaCl concentrations (0, 1, 2, 3, 4, 6, 8, 10, 12, 15 and 18 %, w/v) was investigated in 216L medium, prepared with water instead of seawater. All the cultures in 216L medium were cultivated at 25 C for more than 2 weeks. Catalase activity was tested by the production of bubbles after mixing a loopful of bacteria (collected from MA and also MA amended with 12.5 mg l À1 haemin) with a drop of 3 % H 2 O 2 . Oxidase activity was determined by using oxidase testing paper (HKM). Hydrolysis of starch, Tweens 20 and 80, casein, tyrosine, cellulose (filter paper) and xylan was determined by using the methods described previously by Tindall et al. [20] and Lanyi [21] . API ZYM, 20E and 20NE strips (bioM erieux) and Biolog GEN III microplates were used to determine the enzyme activities, physiological characteristics and utilization of various substrates, according to the manufacturers' instructions. The morphological, physiological and biochemical characteristics of strain P308H10 T are summarized in Table 1 , Fig. S2 and the species description. In particular, although a catalase (GenBank: MG676220) was found in the genome of strain P308H10 T and it is homologous to the catalases of the four reference strains, the catalase activity of strain P308H10
T was negative, tested with biomass collected from MA and also MA amended with haemin.
For chemotaxonomic analysis, biomass of exponentially growing cells (small colonies in the third sector of an MA plate cultivated at 25 C) of strain P308H10 T and the four reference strains was collected and used. Cellular fatty acids were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI) and identified by gas chromatography (model 7890A; Hewlett Packard) using the Microbial Identification software package with the Sherlock MIDI 6.1 system and the Sherlock Aerobic Bacterial Database (TSBA 6.1). The major fatty acids (>10 %) of strain P308H10
T were summed feature 3 (17.3 %), iso-C 17 : 0 3-OH (15.1 %), iso-C 15 : 1 G (13.4 %) and iso-C 15 : 0 (10.1 %). The profile of fatty acid composition of strain P308H10
T was qualitatively similar to those of the four reference strains, with some differences in specific proportions and presence/absence of some components (Table 2) .
Polar lipids of strain P308H10 T were extracted according to the method of Minnikin et al. [22] , separated using two-dimensional TLC (Silica gel 60 F254; Merck) with chloroform/methanol/water (65 : 25 : 4, by vol.) as the first dimension flow phase and chloroform/acetic acid/methanol/water (80 : 18 : 12 : 5, by vol.) as the second dimension flow phase, and identified by using the method described by Tindall et al. [20] . The polar lipids of strain P308H10
T comprised phosphatidylethanolamine, five unidentified aminolipids and four unidentified lipids (Fig. S3) . The characteristic of phosphatidylethanolamine as the major polar lipid is consistent with the description of the genus Arenibacter [1, 2] .
Respiratory lipoquinones of strain P308H10
T were extracted with chloroform/methanol (2 : 1, v/v) and identified by HPLC [Agilent 1200; ODS 250Â4.6 mmÂ5 µm; flowing phase methanol / isopropanol (2 : 1, v/v); flow rate, 1 ml min À1 ] [23, 24] . The respiratory lipoquinone of strain P308H10
T was menaquinone-6 (MK-6), which is consistent with the description of the genus Arenibacter [1, 2] .
Based on the phylogenetic, physiological and chemotaxonomic analysis, especially the absence of catalase and the ANI and digital DDH values being obviously lower than the standard criteria for delineation of prokaryotic species, strain P308H10
T represents a novel species of the genus Arenibacter, for which the name Arenibacter catalasegens sp. nov. is proposed.
EMENDED DESCRIPTION OF THE GENUS
The description of the genus is as given by Ivanova et al. [1] and amended by Nedashkovskaya et al. [2] , with the following emendment. Positive or negative for catalase.
DESCRIPTION OF ARENIBACTER CATALASEGENS SP. NOV.
Arenibacter catalasegens (ca.ta.las.e¢gens. N.L. neut. n. catalasum catalase; L. pres. part. egens lacking; N.L. part. adj. catalasegens lacking catalase).
Cells are Gram-staining-negative, aerobic, non-motile, rodshaped, 0.4-0.6 µm in width and 1.5-3.0 µm in length. Colonies cultured on MA for 5-7 days at 25 C are yellow, circular, convex, smooth with entire and regular margins, and approximately 1 mm in diameter. Flexirubin-type pigments are absent. Growth occurs at 4-36 C (optimum 20-25 C), pH 6.0-8.5 (optimum 7.5-8.0), and with 1-8 % (w/v) NaCl §Data from Nedashkovskaya et al. [3] . ||Data from genome sequencing, collected from NCBI Genome database.
(optimum 2-3 %). Positive for oxidase. Negative for catalase, hydrolysis of starch, Tweens 20 and 80, gelatin, casein, xylan, cellulose and L-tyrosine. In API ZYM strips, positive for alkaline phosphatase, esterase (C4), leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase, naphthol-AS-BI-phosphoamidase, a-galactosidase, b-glucosidase, Nacetyl-b-glucosaminidase and a-mannosidase; weakly positive for esterase lipase (C8), lipase (C14) and trypsin; negative for b-galactosidase, a-chymotrypsin, b-glucuronidase, a-glucosidase and a-fucosidase. In API 20E and 20NE strips, positive for b-glucosidase, production of acetoin (Voges-Proskauer reaction), hydrolysis of aesculin, and utilization of D-glucose and D-mannitol (weakly positive); negative for b-galactosidase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, urease, gelatinase, tryptophan deaminase and arginine dihydrolase, production of H 2 S and indole, reduction of nitrate, and utilization of sodium citrate, acid production from glucose, mannitol, inositol, sorbitol, rhamnose, sucrose, melibiose, amygdalin and arabinose, utilization of L-arabinose, D-mannose, N-acetylglucosamine, maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid. 
